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(54) System for making a photoresist master for a hybrid optical recording disc 



(57) A laser beam recording system for exposing a 
photoresist master disc having a photoresist layer 
formed over a substrate for making a hybrid optical re- 
cording disc having a read only (ROM) portion and a 
writable portion, including a first optical modulator for 
modulating an intensity of a first laser beam having a 
wavelength selected to provide activating radiation to 
expose a pattern in the photoresist layer formed over 
the substrate of the master disc between a lower inten- 
sity for exposing a groove in the photoresist layer and a 
higher intensity for exposing the groove and a pattern 
of depressions in the groove in the photoresist layer; and 



a second optical modulator for frequency-modulating an 
intensity-modulated second laser beam with a wobble- 
frequency to cause the exposed groove to be a contin- 
uously frequency-modulated groove. The recording 
system also includes a laser beam modulation control 
system for controlling the operation of the first and sec- 
ond optical modulators to form a continuously frequen- 
cy-modulated exposed groove with exposed depres- 
sions in the ROM portion of the exposed groove. The 
first and the second laser beams can be provided by 
one laser as a single laser beam, by one laser as two 
split laser beams, and by a first and a second laser. 
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Description 

[0001 ] The present invention relates to optical record- 
ing discs and more particularly to a system for making 
a photoresist master disc from which a stamper can be 
made for forming a hybrid optical recording disc. 
[0002] Hybrid optical recording discs are discs having 
a read-only memory (ROM) area and a recordable area 
for recording or writing data which are usually generated 
by a computer user and which are recorded on the disc 
by a recorder or writer controlled by a computer Such 
a disc has a substrate which can be formed by injection 
molding against a master plate so that the mastered 
substrate will have a continuous spiral track extending 
from an inner edge to an outer edge of the substrate. 
The spiral tack is usually a groove which provides data 
channels on the disc and also provides for tracking of 
the disc while reading or recording data. The groove is 
frequency-modulated in a direction normal to the groove 
and is, therefore, referred to as a wobbled groove or a 
wobble groove. In the ROM area of a hybrid optical disc 
the groove is further modulated in the form of depres- 
sions which correspond to disc addressing data and to 
disc program data. The mastered substrate is then coat- 
ed with a recording layer which can include an organic 
dye selected to absorb radiation in the recordable area. 
Upon coating the recording layer, a reflective layer is 
formed over the entire recording layer. A protective lay- 
er, usually of a polymer organic material, is formed over 
the reflective iayer. 

[0003] The tracks or grooves of a hybrid optical re- 
cording disc, the degree of modulation of the groove, as 
well as the arrangement of addressing and program da- 
ta is usually provided in accordance with Orange Book 
specif icatic Orange Book" is a specification pub- 
lished by P : s Corporation and Sony Corporation 
which define? Key properties of recordable compact disc 
media and recording performance. 
[0004] The aforementioned master plate is used to 
produce numerous plastic disc substrates by emboss- 
ing or injection molding techniques. Such a master plate 
is also referred to as a stamper. The stamper, in turn, is 
produced by metal plating techniques whereby a pho- 
toresist master having the spiral groove and the data 
depressions is plated with a metal. The metal layer is 
then separated from the photoresist master and consti- 
tutes the stamper which replicates the features of the 
photoresist master in an inverted orientation, that is a 
groove in the photoresist master will be a projection in 
the stamper. The photoresist master disc comprises a 
photoresist layer formed over a substrate which is usu- 
ally a glass substrate. Accordingly, the photoresist mas- 
ter is also referred to in the art as a glass master. 
[0005] Depending on the configuration and on the tn- 
• nded application of an optical disc, particular challeng- 
es and problems need to be addressed to meet and to 
retain specifications in accordance with standards such 
as, for example, defined in the aforementioned Orange 



Book or in a Red Book, also published by Philips Cor- 
poration and Sony Corporation. For example, US-A- 
5,862,123 disclose optical phase-change material 
formed on a substrate which has a wobbled spiral 
5 groove on a substrate. Particular relationships are se- 
lected between a groove width, a laser beam diameter, 
and a wobble amplitude to prevent distortion of the 
groove caused by repeated over-writing operations. In 
FIG. 10 of US-A-5,862,123 : a block diagram of a laser 
10 beam recording apparatus is shown for recording 
grooves and data on a photoresist layer formed over a 
glass substrate, that is for recording a "glass master" 
having the selected particular relationships. 
[0006] Udagawa, US-A-5,737,289 discloses a data 
recording apparatus providing different plural recording 
laser powers within respective subcode frames consti- 
tuting sub-partitions of an optical disc so as to determine 
an optimum laser drive power. Also disclosed are laser 
drive circuit and control circuitry. 
[0007] US-A-5,297 129 disclose a method and appa- 
ratus for shaping v # waveform of laser pulses to 
achieve improved sracteristics (leading and trailing 
edges) of surface effects recorded on an optical disc. 
An optical modulator is used to modulate the intensity 
of a laser beam either above or below a threshold level 
to either produce surface effects on a moving recording 
medium, or to be incapable of producing surface effects 
on the moving recording medium when the laser beam 
intensity is below a threshed level. 
[0008] The fabrication of a photoresist master disc 
dedicated to forming a hybrid optical recording disc pos- 
es significant technological challenges which differ from 
the challenges encountered by the above cited refer 
ences. Firstly, conventional laser beam recording sys- 
tems for recording a photoresist master dedicated for a 
conventional CD-ROM do not have the ability to record 
a photoresist master in a multi-session format required 
of a hybrid optical recording disc. Nor do such conven- 
tional CD-ROM laser beam recording systems provide 
a capability to record frequency-modulated or wobbled 
grooves. For example, in a hybrid optical disc, the ROM 
area includes a first session which includes a ROM lead- 
in area, a ROM program area, and a ROM lead-out area. 
The recordable area of the hybrid optical disc consti- 
tutes a second session comprising a lead-in area, a re- 
cordable program area, and a lead-out area. Since the 
hybrid optical recording disc has a recordable area, the 
photoresist master for such a disc must be recorded so 
as to simulate a CD writer and thus write thef irst session 
and leaving it open for apper 3, that is for subsequent 
writing in the recordable are the hybrid optical disc, 
the writing to be performed by computer user. It is also 
required to record in such a photoresist master various 
codes and addressing data which allow a writer to rec- 
ognize the hybrid optical disc as being writable. 
[0009] Furthermore, a photoresist master for a hybrid 
optical disc must meet particular specifications within • 
transition area between the lead-out area of a record: 
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first session and a lead-in area of the recordable second 
session. 

[0010] In particular, the transition between the ROM 
: area and the recordable area has a specification of a 
26EFM frame interval. An EFM generator is used to s 
modulate the intensity of a laser beam so as to record 
a continuous spiral groove and data in portions of the 
groove in the form of depressions. A frame has atypical 
duration of about 1 30 microseconds. Conventional laser 
beam recording systems designed for recording pho- 10 
toresist masters for conventional CD-ROMs rely on de- 
coding a subcode in the EFM data stream to change or 
to modulate the recording laser beam via a coded chan- 
nel such as a RS232 channel. However the response 
of a typical RS232 channel is in a range of milliseconds, 15 
a response time which is too long for meeting the 26EFM 
frame interval requirement accurately and consistently. 
[0011] Thus, existing conventional laser beam re- 
cording systems for recording photoresist masters of 
conventional CD-ROMs have to be modified in order to 20 
have a performance which meets the requirements of 
recording a photoresist master for a multi-session hybrid 
optical recording disc. 

[0012] It Is an object of the present invention to pro- 
vide a laser beam recording system for making a pho- 25 
toresist master for a hybrid optical recording disc. 
[0013] This and other objects and advantages are 
achieved in a radiation beam recording system for ex- 
posing a photoresist master disc having a photoresist 
layer formed over a substrate for making a hybrid optical so 
recording disc having a read only (ROM) portion and a 
writable portion, comprising: 

a) at least one radiation source which provides first 
and second radiation beams projected along first 35 
and second beam paths, respectively, each beam 
having a wavelength or energy selected to provide 
activating radiation for exposing a pattern in the 
photoresist layer formed over the substrate of the 
master disc; 40 

b) a first modulatorfor modulating an intensity of the 
first radiation beam and disposed along the first 
beam path, such intensity modulation having an in- 
tensity for exposing depressions in the photoresist 
layer in correspondence with data to be recorded; 45 

c) a second modulatorforf requency-modulating the 
second radiation beam and disposed along the sec- 
ond beam path, such frequency modulation provid- 
ing a wobble-frequency to cause an exposed 
groove in the photoresist layer to be a continuous 50 
wobbled groove; 

d) means for combining the modulated first and sec- 
. ond radiation beams and for projecting the com- 
bined radiation beams onto the photoresist layer for 
exposing the photoresist layer to form the exposed 55 
continuous wobbled groove and a track of exposed 
depressions along the wobbled groove; and 

e) a modulation control system for controlling the 



operation of the first and the second modulator to 
concurrently form the exposed continuous wobbled 
groove and the track of exposed depressions along 
the wobbled groove in. the ROM portion. 

[0014] In another aspect of the present invention logic 
flag signals are provided between and among an ATIP 
generator and an EFM generator to achieve microsec- 
ond response times in modulating the intensity of a laser 
beam. The logic flag signals are used between the ATIP 
generator and the EFM generator, or vice versa, to mod- 
ulate the intensity of a laser beam to achieve desirable 
geometric features of the recorded groove and the de- 
pressions in a transition region between a ROM area 
and a recordable area of a hybrid disc. The term ATIP 
refers to "absolute time in pregroove". The term EFM 
refers to "eight-to-fourteen modulation". 

FIG. 1 is a simplified schematic perspective view of 
a photoresist master disc having a ROM area and 
a recordable area; 

FIG. 2 is a schematic plan view of the photoresist 
master disc of FIG. 1, indicating frequency-modu- 
lated segments of a groove and intensity-modulat- 
ed and frequency-modulated segments of a groove 
as well as a power calibration area (PCA) and a pro- 
gram memory area (PMA); 

FIG. 3A is a block diagram of a first embodiment of 
a laser beam recording system in accordance with 
the present invention for recording concurrently a 
frequency-modulated and intensity-modulated 
groove on a photoresist master disc; 
FIG. 3B shows an alternative means for controlling 
temporal relationships between intensity-modulat- 
ing signals and frequently-modulating signals; 
FIG. 3G shows an alternative means for controlling 
temporal relationships between intensity-modulat- 
ing signals and frequency-modulating signals, and 
including a waveform modifier, a function generator, 
and a multiplexer; 

FIGS. 4A-4C show schematically relationships be- 
tween flag pulses, a laser beam intensity profile for 
exposing a groove (G) and for exposing depres- 
sions (D) in a groove in a ROM area of the master 
disc, and an exposure profile in a photoresist layer 
of a master disc; 

FIGS. 5A-5F depict schematically several signals 
associated with particular devices of the laser beam 
modulation control system of FIG, 3C and an expo- 
sure prefile in a photoresist layer of a master disc 
exposed by a laser beam controlled by such sig- 
nals; 

FIGS. 6A-6C show schematically a segment of a 
frequency-modulated wobble groove (G) contain- 
ing the depressions (D), a laser beam intensity pro- 
file, and a laser beam wobble signal, respectively; 
FIG. 7A is a schematic block diagram of a dual- 
beam laser recording system in accordance with 
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the present invention in which a laser beam is split 
into first and second beams for providing an inten- 
sity-modulated laser beam and a frequency-modu- 
lated laser beam for recording on a photoresist 
master disc; 

FIG. 7B is a schematic block diagram of a dual- 
beam laser recording system in accordance with 
the present invention in which first and second laser 
beams are provided by separate lasers for gener- 
ating an intensity-modulated laser beam and a fre- 
quency-modulated laser beam for recording on a 
photoresist master disc; 

FIG. 7C is a schematic block diagram of an alterna- 
tive laser beam recording system in which a single 
laser provides an intensity-modulated laser beam 
by directly intensity-modulating the laser; 
FIGS. 8A-8C show schematically relationships be- 
tween a frequency-modulating drive signal biased 
at a first intensity level and intensity-modulating flag 
pulses to expose a wobbled groove and a track of 
depressions extending along the wobbled groove in 
the photoresist layer of the master disc;. 
FIGS. 9A-9B show schematically a relationship be- 
tween a frequency-modulating drive signal biased 
at a higher second intensity level to expose a wider 
web : groove and the track of depressions of 
FIG r. and 

FIG 0 is a representation of a photographic ren- 
dition of a portion of the surface of a stamper made 
from a photoresist master and showing transitions 
from segments of a groove, to depressions along a 
groove, to groove segments in a PMA area of the 
photoresist master disc. 

[0015] It will beappreciatedthatthedrawingsare nec- 
essarily of a schematic nature since the temporal rela- 
tionships of pulses and signals are controlled within a 
range of a fraction of a microsecond. Additionally, the 
depth dimensions of the photoresist layer and the de- 
pressions exposed therein, as well as the lateral dimen- 
sions of the wobbled groove and of the depressions in 
the ROM area of the groove, are too small to permit ap- 
propriate or proportionate scaling. 
[0016] Referring to FIG. 1 and FIG. 2, a photoresist 
master disc 10 is shown in rdance with the present 
invention. The photoresist ster disc 10 has a sub- 
strate 12 in which an inner peripheral edge 14 forms a 
central hole 1 6, and the disc 1 0 having an outer periph- 
eral edge 1 8. The central hole 1 6 permits the photoresist 
master disc 1 0 to be mounted in a disc transport device 
of a laser beam recording system. The photoresist mas- 
ter disc 1 0 includes a read -or.ly memory (ROM) area 30 
and a recordable area 50. Overlying the substrate 1 2 is 
a photoresist layer 20 which is responsive to activating 
radiation of a laser beam in a laser bearr ecording sys- 
tem such that a laser beam incident o r surface 22 of 
the photoresist layer 20 will form a pattern of a spiral 
groove, and of depressions in the groove which corre- 



spond to recorded data in the ROM portion of the pho- 
toresist layer 20. 

[0017] The substrate 12 is usually formed of glass, but 
it can also be formed of quartz or of a ceramic material. 
5 The photoresist layer 20 is preferably formed by spin- 
coating of a positive-working photoresist material which 
is "activated" by exposure to activating radiation having 
a wavelength in a range from 350-450 nm. The term "ac- 
tivated" relates to a photochemical reaction upon expo- 
sure. 

[001 8] In accordance with the specification of the "Or- 
ange Book", both the ROM area 30 and the recordable 
area 50 are partitioned. For example, the ROM area 30 
is partitioned into a lead-in area, a program area, and a 
lead-out area. The recordable area likewise is parti- 
tioned to include a lead-in area, a program area, and at 
least one lead-out area. For purposes of clarity of pres- 
entation, such lead-in, program, and lead-out areas 
have been omitted from the drawing of FIG. 2. 
[0019] Near the inner peripheral edge "!4, a power cal- 
ibration area (PCA) and a program memory area (PMA) 
are shown. 

[0020] Segments of a frequency-modulated groove 
32 and 52 are schematically indicated in thin wavy out- 
line. Segments of an intensity-modulated and frequen- 
cy-modulated groove 34 are schematically depicted in 
the ROM area 30 in wavy outline interspersed with bold 
dots and dashes to indicate formation of depressions 
along such groove segments. 

[0021] Turning to FIG. 3A, there is shown a block di- 
agram of a first embodiment of a laser beam recording 
system for making a photoresist master disc from which 
a stamper can be fabricated for forming a hybrid optical 
recording disc. A laser 1 emits a laser beam 2 of acti- 
vating radiation to which a photoresist layer 20 of a pho- 
toresist master disc 10 is responsive. The laser beam 2 
is directed by a mirror 3 to a first optical modulator 180 
which is dedicated to modulate the intensity of the laser 
beam 2 in response to signals provided by an EFM driv- 
er 138 via a lead 146. The intensity-modulated laser 
beam 4, depicted in bold, dashed, and dotted outline, is 
directed to a second optical modulator 1 60 dedicated to 
provide a frequency modulation to the intensity-modu- 
lated laser beam 4 in response to signals provided by 
an ATIP driver 128 via a lead 156. The frequency-mod- 
ulated and intensity-modulated laser beam 5 is sche- 
matically indicated in a wavy outline with bold dots and 
dashes, and the laser beam 5 is focused by optical ele- 
ments (not shown) to be incident on a surface 22 of a 
photoresist layer 20 at a point 6. 
[0022] The photoresist master disc 1 0 is rotated by a 
motor 60 via a disc-drive spindle 62 in a direction 63 of 
disc rotation during the recording process. The motor is 
operated under a motor rotational speed control 64, and 
the radial position of incidence of the laser beam 5 on 
the photoresist master disc 1 0 is determined by a radial 
position control 70 via a radial position linkage 72, so as 
to expose in the photoresist layer 20 a continuous spiral 
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groove extending from the inner peripheral edge 14 to 
the outer peripheral edge 18 of the photoresist master 
disc 10, whereby the spiral groove is frequency-modu- 
lated (that is, wobbled) and is intensity-modulated to 
form depressions in the spiral groove in correspondence 
with recorded data. 

[0023] A laser beam modulation control system 100 
has a central clock 1 1 0 which provides clock pulses via 
a leads 111 and 112 to an ATIP generator 120, and to 
an EFM generator 130 via a lead 114. "ATI P" is a com- 
monly used abbreviation for "actual time in pregroove" 
and "EFM" is a commonly used abbreviation for "Eight- 
to-Fourteen Modulation". The ATIP generator and the 
EFM generator are also referred to as ATIP encoder and 
EFM encoder, respectively. The ATIP generator 120 is 
operative to provide control of the laser beam recording 
system in that the ATIP generator provides all of the tim- 
ing functions in accordance with specifications con- 
tained in the aforementioned "Orange Book" or con- 
tained in the aforementioned "Red Book."The ATIP gen- 
erator 120 also provides a frequency-mod ulatjng signal 
via a lead 126 to the ATiP driver 128 which, in turn, 
drives the optical modulator 160 via the lead 156. This 
frequency-modulating signal, also referred to as a wob- 
ble-frequency signal, comprises a carrier frequency of 
22.5 kHz which is modulated with a frequency deviation 
of ± 1kHz. 

[0024] The EFM generator 130 has an input lead 1 31 
for receiving input signals from an external source (not 
shown) in a form of a digital data bit stream. The external 
data source can be, for example, a CD-ROM. The EFM 
generator 130 generates EFM signal pulses represent- 
ative of 14-bit data streams and these pulses are direct- 
ed to an EFM driver 138 via a lead 136, and from the 
EFM driver 138 via a lead 146 to the optical modulator 
1 80 for modulating the intensity of the laser beam in cor- 
respondence with the data stream from the EFM gener- 
ator 130. 

[0025] The laser beam modulation control system 1 00 
further includes circuitry for controlling temporal rela- 
tionships between and among the ATIP generator and 
the EFM generator so that respective ATI P signals and 
EFM signals are temporally correlated to provide con- 
current operation of the first and second optical modu- 
lations 180 and 160. For control of temporal relation- 
ships, FIG. 3A depicts two logic circuits which link the 
ATIP generator 120 and the EFM generator 130. A first 
logic circuit 140 receives from the ATIP generator 120 
via a lead 124 timing flag pulses which are sequenced 
in accordance with the timing function of the ATIP gen- 
erator 120, and the logic circuit 140 conveys these tim- 
ing flag pulses to an input of the EFM generator 130 via 
a lead 1 42. In addition, the ATIP generator 1 20 provides 
to the EFM generator 130 via the logic circuit 140 other 
pulsed signals, such as for example, SYNC pulse sig- 
nals (synchronization pulse signals). 
[0026] A second logic circuit 150 provides a logic 
communication link between the EFM generator 130 



and the ATIP generator 120 via leads 132 and 152, re- 
spectively. 

[0027] The logic signals communicated among the 
ATIP generator 120 and the EFM generator 130 provide 
so-called flag signals, or flags, which are hardware- 
based rather than requiring the decoding of software- 
based instructions. 

[0028] The hardware-based logic communication 
among the ATIP generator 120 and the EFM generator 
130 proceeds in practice as follows: the EFM generator 
130 first instructs the ATIP generator 120 via the logic 
circuit 1 50 about its readiness to produce intensity-mod- 
ulating EFM signals corresponding to the input signals 
at lead 131. Upon receiving such instruction from the 
EFM generator 130, the ATIP generator 120 communi- 
cates timing signals to the EFM generator via the logic 
circuit 140 and, since the ATIP generator controls the 
timing sequence, that is when to switch from exposing 
a depression in the groove to exposing only the groove, 
and vice versa, in the photoresist layer 20, the ATI P gen- 
erator 120 controls the EFM generator 130 as to when 
to change the laser beam intensity via the EFM driver 
1 38 and the optical modulator 1 80. The logic circuits 140 
and 1 50 are preferably TTL (transistor-to-transistor) log- 
ic circuits. 

[0029] These hardware-based logic flag signals (rep- 
resenting is and 0s) provide for microsecond response 
of the laser beam intensity modulation in the optical 
modulator 180. 

[0030] In FIG. 3B, a laser beam modulation control 
system 1 02 is shown in which a microprocessor control- 
ler 190 performs the control of temporal relationships 
between and among signals from the ATIP generator 
120 and the EFM generator 130 in a manner as de- 
scribed above. Corresponding leads are 124 and 192, 
and 1 32 and 1 94. 

[0031] FIG. 3C is a block diagram of a laser beam 
modulation control system 104 which includes a wave- 
form modifier, a function generator, and a multiplexer. 
[0032] The laser beam modulation control system 1 04 
has a central clock 110 which provides clock pulses via 
a leads 111 and 112 to an ATIP generator 120, and to 
an EFM generator 130 via a lead 114. 
[0033] The ATIP generator 1 20 provides a frequency- 
modulating signal via a lead 126 to the ATIP driver 128 
which in turn, drives the optical modulator 160 via the 
lead 156 (see FIG. 3A). 

[0034] The EFM generator 130 has an input lead 131 
for receiving input signals from an externa! source (not 
shown) in a form of a digital data bit stream. The external 
data source can be, for example, a CD-ROM. The EFM 
generator 130 generates EFM signal pulses represent- 
ative of 14-bit data streams. An output of the EFM gen- 
erator provides the EFM signal pulses to an input of a 
waveform modifier 230 via a lead 134. The waveform 
modifier 230 can introduce a selectable bias voltage lev- 
el so that the EFM signal pulses are superimposed upon 
a selected bias voltage. The bias voltage is selected at 
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a level sufficient to expose (in the absence of superim- 
posed EFM signal pulses) a groove in the photoresist 
layer 20, for example, a groove 52 shown in the record- 
able area 50 of FIG. 2. Additionally, the waveform mod- 
ifier can be used to modify the shape of the EFM signal 
pulses provided by the EFM generator 130, if such pulse 
shape modification is advantageous. For purposes of 
clarity of presentation, the ensuing description, viewed 
in conjunction with the description of FIGS. 4A-4F, will 
be limited to the bias voltage aspect of the waveform 
modifier 230. 

[0035] An output of the waveform modifier 230 is con- 
nected to one signal input of a multiplexer 220 via a lead 
232. The multiplexer is commonly abbreviated to the 
term "MUX". The MUX has a second signal input con- 
nected to an output of a function generator 21 0 via a 
lead 212. The function generator provides a temporally 
varying signal, for example, a ramp function signal, 
which is used advantageously in modulating the laser 
beam intensity so as to expose a groove pattern of var- 
ying depth in the photoresist layer 20, as will be de- 
scribed in greater detail hereinafter. 
[0036] The output of the mulitplexer220 is connected 
to the input of the EMF driver 138 via a lead 226. The 
EMF driver 1 38, in turn, drives the optical modulator 1 80 
via a lead 1 46 to modulate the intensity of the laser beam 
2 (see FIG. 3A), thus providing the intensity-modulated 
laser beam 4 in correspondence with the output signals 
of the MUX. 

[00371 The laser beam modulation control system 1 04 
further includes a controller 1 90 for controlling temporal 
relationships between and among signals from the ATiP 
generator 120 and the EFM generator 130 so that re- 
spective ATIP signals and EFM signals are temporally 
correlated to provide concurrent operation of the first 
and second optical modulations 1 80 and 160. The con- 
troller 190 is preferably a microprocessor which pro- 
vides a control signal to the function generator 210 via 
a lead 198, and provides a control signal to a control 
signal input of the multiplexer 220 via a lead 1 96, in re- 
sponse to flag signals (digital 1s) communicated to and 
from the controller 1 90 between the ATI P generator 1 20 
and EFM generator 130, and vice versa. The controller 
1 90 receives from the ATI P generator 1 20 via a lead 1 24 
timing flag pulses which are sequenced in accordance 
with the timing function of the ATIP generator 120, and 
the controller 190 conveys these timing flag. pulses to 
an input of the EFM generator 130 via a lead 192. In 
addition, the AT ? P generator 120 provides to the EFM 
generator 13 : ^ the controller 190 other pulsec sig- 
nals, such as example, SYNC pulse signals /syn- 
chronization pulse signals). 

[0038] The controller 190 provides a second io-gic 
communication link between the EFM generator 130 
and the ATIP generator 120 via leads 132 and 194, re- 
spectively. 

[0039] The logic signals communicated among the 
ATIP generator 1 20 and the EFM generator 1 30 via the 



controller 190 provide so-called flag signals, or flags, 
which are hardware-based rather than requiring the de- 
coding of software-based instructions. 
[0040] The hardware-based logic communication 
5 among the ATIP generator 120 and the EFM generator 
occurs in a manner as described above with reference 
to FIGS. 3A and 3B. 

[0041] Upon completion of the laser beam exposure 
of the photoresist layer, the photoresist layer is devel- 
10 oped in a conventional manner, thereby producing the 
wobbled groove such as the wobbled groove segments 
32 and 52 depicted in FIG. 2, and intensity-modulated 
wobbled groove segments (that is groove segments 
containing depressions) such as, for example, the inten- 
ds sity-modulated wobbled groove segment 34 shown in 
FIG. 2. Subsequently, a metal stamper is formed by plat- 
ing against the patterned photoresist layer 20, and such 
stamper is then used to make hybrid optical recording 
disc substrates from, a plastic material by embossing 
20 techniques or by injection molding techniques. In FIG. 
1 0, a photographic rendition of a portion of such a metal 
stamper is shown. 

[0042] Turning nowto FIGS. 4A-4C, relationships are 
schematically indicated between laser beam intensity 

25 profiles for exposing a groove (G) and depressions (D) 
in the groove, respectively (FIG. 4A), and flag pulses 
representative of a digital data stream from the EFM 
generator 130 (FIG. 4B). FIG. 4C schematically indi- 
cates a portion of the photoresist master disc 1 0 show- 

30 ing laser beam generated exposure profiles in the pho- 
toresist layer 20 in correspondence with the intensity- 
modulated laser beam profile shown in FIG. 4A. A thick- 
ness t of the photoresist layer 20 is indicated. The pho- 
toresist layer thickness is in a preferred range of about 

35 290-350 nm. 

[0043] Turning to a description of FIGS. 5A-5F, there 
are depicted schematically several signals associated 
with particular devices of the laser beam modulation 
control system 104 shown in FIG. 3C. All signals are 

40 drawn along a time axis which is also equivalent to a 
radial position at which the intensity-modulated and 
wobbie-frequency-modulated laser beam 5 is incident 
at point 6 on the surface 22 of the photoresist layer 20 
of the master disc 1 0 (see FIG. 3A). It will be appreciated 

45 that the signals represent only a few microseconds of 
recording time for exposing a groove (G) and depres- 
sions (D) in the groove (D + G). 

[0044] FIG. 5A shows a sequence of flag pulses as 
generated by the EFM generator 130 at lead 1 34 in cor- 

50 respondence with the digital data bit stream input at lead 
131, and in accordance with the previously described 
logic communication between and among the ATI P gen- 
erator 1 20 and the EFM generator 1 30 via the controller 
1 90. These pulses, as well as all other signals shown in 

55 FIGS. 5B-5E, are depicted as positive-going signals, but 
it will be understood that some or all signals can be neg- 
ative-going signals as may be required by operational 
characteristics of a particular device or of particular de- 
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vices. 

[0045] The EFM generator output signal on lead 134 
are flag pulses which rise from, andfali to, a zero voltage 
or signal level. The pulse height may be in a range from 
3V to 24V typical of digital signaling systems. 
[0046] in FIG. 5B, the above described EFM genera- 
tor output signal has been modified by the waveform 
modifier 230 such that EFM generator output signal 
pulses are now superimposed on a bias level (a bias 
voltage). This waveform modifier output signal is direct- 
ed to one input of the MUX 220 via lead 232 (see FIG. 
3C). As previously described, the bias voltage is select- 
ed so that the optical modulator 180 will modulate the 
laser beam 2 to produce a lower intensity laser beam 4 
sufficient to expose a groove pattern to a selected depth 
into the photoresist layer 20 as measured from the sur- 
face 22 of the layer. The bias voltage may be selected 
in a range from about 0.1 to 24 volts. 
[0047] FIG. 5C shows schematically a ramp function 
signal generated by the function generator 210 in re- 
sponse to an input signal from the controller 1 90 via lead 
198. The function generator output signal is directed to 
a second input of the MUX 220 via a lead 212. The func- 
tion generator output signal is shown here as a ramp 
function which increases linearly with time from an initial 
level above, a zero level to a maximum ramp signal V R . 
For illustrative purposes only, the ramp signal is shown 
to decrease from V R to zero at a time slightly longer than 
a time of a last EFM generator output signal pulse, as 
indicated by dotted reference lines. It will be understood 
that the function generator 21 0 is capable of generating 
other output signals, such as, for example, a signal in- 
creasing non-linearly with time, or a signal which first 
increases over a first time period, followed by a de- 
crease over a subsequent second time period. It will also 
be appreciated that the controller 190, which controls 
the starting time and the termination time of the output 
signal of the function generator 21 0, can direct the func- 
tion generator to provide an output signal for a substan- 
tially shorter time period than depicted in FIG. 5C. 
[0048] An important aspect of the function generator 
21 0 is to provide an output signal to the second input of 
the MUX 220 of a signal level selected to determine, for 
example, in a power calibration area (PC A) of the pho- 
toresist master disc (see FIG. 2), a level of intensity 
modulation of the laser beam via the optical modulator 
180 which is sufficient to expose a discernible and de- 
velopable groove in the photoresist layer 20 for the var- 
ious regions shown in FIG. 4A. 

[0049] FIG. 5D depicts a MUX control signal provided 
by the controller 1 90 to a control signal input of the mul- 
tiplexer 220 via a lead 1 96. 

[0050] The MUX 220 is an electronic switch which di- 
rects either the waveform modifier output signal (see 
FIG. 5B) or the function generator output signal (see 
FIG. 5C) to the EFM driver 138 via the lead 226 in re- 
sponse to the MUX control signal. 
[0051] As shown schematically in FIG. 5E, a MUX out- 



put signal on lead 226 is a composite signal of the wave- 
form modifier output signal whenever the MUX control 
signal is in an "on-state", and of the function generator 
output signal whenever the MUX control signal is in an 
s "off-state", that is at a zero level. The optical modulator 
1 80 will provide an intensity-modulated laser beam 4 in 
correspondence with the MUX output signal via the EFM 
driver 138. 

[0052] FIG. 5F schematically indicates exposed de- 

10 pressions D in segments of the exposed spiral groove 
G, in correspondence with a laser beam exposure which 
was intensity-modulated by the composite MUX output 
signal of FIG. 5E. In the recorded first session 30, the 
data track(s) 34 in the spiral groove segments 32 are 

15 exposed at a higher intensity in correspondence with the 
higher pulsed portions of the MUX output signal. In the 
recordable area or portion 50 of the spiral wobbled 
groove 52 has a constant depth exposure as measured 
from the upper surface 22 of the photoresist layer 20. 

20 [0053] Referring now to FIG. 6A, there is depicted 
schematically a segment of a wobbled groove 32 (see 
FIG. 2) exposed in the photoresist layer 20. The wob- 
bled groove is also intensity-modulated in the form of 
exposed depressions (D) which correspond to recorded 

25 data, and depressions corresponding to SYNC signals. 
Regions of the groove 32 which are devoid of exposed 
depressions are indicated at G. Together, the exposed 
depressions (D) can be visualized as a track of depres- 
sions 34 in the exposed wobbled groove 32. 

30 [0054] FIG. 6B depicts schematically laser beam in- 
tensity-modulating pulses provided to the EFM driver 
138 by the modulation control systems 100, 102 or 104 
(see FIGS. 3A-3C). The function generator output signal 
(see FIGS. 5C, 5E) has been omitted from this drawing. 

35 As described above, the ATIP generator 120 provides 
via the clock 110 SYNC pulses through the controller 
190 to the EFM generator 130 which, in turn, results in 
the exposure of SYNC depressions in the groove 34 via 
the optical modulator 180. 

40 [0055] FIG. 6C schematically indicates the wobble- 
frequency signal provided by the ATIP generator 120 to 
the optical modulator 1 60 via the ATIP driver 1 28. The 
peak-to-peak wobble of a wobbled groove is typically a 
range of about 30 nm. 

45 [0056] FIG. 7A is a schematic block diagram of a dual- 
beam laser recording system 300 suitable for exposing 
a wobbled groove, and depressions in the groove in the 
ROM area, in a photoresist layer 20 of a master disc 10. 
The laser beam modulation control system 100, previ- 

50 ously described with reference to FIG. 3A is shown here 
for illustrative purposes. It will be understood that the 
laser beam modulation control systems 1 02 or 1 04 de- 
scribed with reference to FIGS. 3Band 3C, respectively, 
can be used to control the recording system 300. 

55 [0057] A laser 31 0 emits a laser beam 311 of activat- 
ing radiation to which the photoresist layer 20 is respon- 
sive. A beam splitter 31 4 splits the laser beam 311 into 
two laser beams 315, 317. The first laser beam 315 is 
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intensity-modulated by an optical modulator 322 which 
is activated or driven by an EFM driver 360 via a lead 
362. The optical modulator 322, the EFM driver 360, and 
the lead 362 correspond to the modulator 1 80, the driver 
138, and the lead 146, respectively, of the laser beam 
recording system of FIG. 3A. The optical modulator 322 
produces an intensity-modulated laser beam 325 de- 
picted in dashed and dotted outline. 
[0058] The second laser beam 317 is directed by a 
mirror 316 to an optical modulator 326 which provides 
a frequency-modulated laser beam 327, indicated in 
wavy outline. An intensity controller 330 provides an in- 
tensity-controlling bias signal to the modulator 326 via 
a lead 332 for selecting a laser beam intensity level of 
the wobble-frequency-modulated ("wobbled") laser 
beam 327, as will be described in greater detail with ref- 
erence to FIGS. 8A-8C and 9A, 9B. 
[0059] The laser beam 327 is directed via a mirror 336 
to a beam combiner 334 which recombines the first in- 
tensity-modulated laser beam 325 and the second wob- 
ble-frequency-modulated laser beam 327. If perfect op- 
tical alignment can be achieved, the beam combiner 334 
would provide two spatially superimposed laser beams 
335 (intensity-modulated) and 335 (frequency-modulat- 
ed) which would expose the photoresist layer 20 at a 
single point of incidence thereon. However, in order to 
more clearly illustrate the distinguishing recording as- 
pects of the dual-beam laser recording system 300 com- 
pared with the recording aspects of the system of FIG. 
3A (a single-beam laser recording system), the laser 
beams 335 and 337 are depicted with a small lateral 
spacing s therebetween which extends to the points of 
incidence 345 and 347, respectively, of these laser 
beams on the photoresist layer 20. 
[0060] If the spacing s is a radial spacing, that is a 
spacing which produces an exposed wobbled groove in 
the photoresist layer 20 and a track of exposed depres- 
sions spaced from a centerline of the exposed groove, 
the radial spacing s has to be confined within certain 
limits as will be further detailed with respect to FIGS. 8C 
and 9B. 

[0061] If thespacings between the points of incidence 
245 and 247 of the laser beams 335 and 337, respec- 
tively, occurs along one and the same radial position of 
the rotating and radially translating photoresist master 
disc 1 0, such spacing can be confined to a lesser extent. 
[0062] The photoresist master disc 1 0, the speed con- 
trol 64, and the radial portion control 70 have been de- 
scribed with reference 3. 3Aand require, therefore, 
no additional description 

[0063] FIG. 7B is a schematic block diagram of anoth- 
er embodiment of a dual-beam laser recording system 
302 which differs from the above described dual-beam 
system 300 in that two separate lasers 31 0 and 312 are 
used to provide corresponding first and second laser 
beams 311 and 313, respectively. The first laser beam 
311 is intensity-modulated by the modulator 322, and 
the second laser beam 313 received a wobble-frequen- 



cy modulation in the optical modulator 326, as described 
with reference to FIG. 7A. All other parts, aspects, and 
functions of the dual-beam laser recording system 302 
correspond to like parts, aspects, and functions of the 
s system 300 of FIG. 7A. . 

[0064] FIG. 7C is a schematic block diagram of an al- 
ternative laser beam recording system in which a single 
modified laser 1m provides an intensity-modulated laser 
beam 4 (intensity-modulated between a lower intensity 

fo level and a higher intensity level) which is concurrently 
modulated with a wobble-frequency in an optical mod- 
ulator 160 to provide an intensity- and frequency-mod- 
ulated laser beam 5 for exposing a photoresist layer of 
a master disc (not shown in FIG. 7C; see FIG. 3A). 

15 [0065] The laser 1m is operative via a low- intensity 
control 7 provided at a lead 9 to provide a lower-intensity 
level (also referred to as a "bias" intensity level) in the 
absence of flag pulses from the EFM generator 130 via 
lead 1 36 (see FIGS. 3A, 3B) or in the absence of signals 

20 from the multiplexer 220 via lead 226 (see FIG. 3C). 
When such flag pulses are present at the lead 1 36 (226) , 
the EFM driver 138 actuates the laser 1m directly via 
lead 146 to provide a higher-intensity level in response 
to such flag pulses so that the intensity-modulated laser 

25 beam 4 emanates therefrom. 

[0066] FIGS. 8A-8C and 9A-9B ref^ articu <-|y to 
exposure of the photoresist layer 20 by * of xm dual- 
beam laser recording systems 300 or 302 which were 
depicted to have the small spacing s between the two 

30 modulated laser beams 335 and 337 at their corre- 
sponding points of incidence 345 and 347, respectively 
on the surface 22 of the photoresist layer 20. 
[0067] Viewing FIGS. 8A-8C and 9A-9B together will 
more readily inform as to the distinguishing features of 

35 such exposures over exposures of a photoresist master 
disc provided by a single-beam laser recording system 
such as, for example, the system of FIG. 3A or of FIG. 
7C. 

[0068] FIGS. 8A and 9A show schematically a fre- 
*o quency-modulating drive signe' having a signal ampli- 
tude as measured at lead 37 fiat is the lead which 
connects an output of the ATIP driver 370 to an input of 
the optical modulator 326 of FIGS. 7A and 7B. In FIG. 
8A : the intensity control 330 provides to the optical mod- 
45 ulator 326 a bias level signal at lead 332 which results 
in a steady laser light beam intensity at a level 1 (also 
referred to as a level 1 bias light level). In FIG. 9A, the 
intensity control 330 provides to the optical modulator 
326 a bias level signal which results in a steady laser 
so |jght beam intensity at a level 2 which is depicted, for 
illustrative purposes, to be higher than the level 1 inten- 
sity being transmitted as the frequency-modulated laser 
beam 327 by the modulator 326. 
[0069] Turning now to FIG. 8, intensity-modulating 
55 drive signals (flag pulses and SYNC pulses) are shown 
as measured at lead 362 which connects an output of 
the EFM driver 360 with an input of the optical modulator 
322 for exposing depressions in the photoresist layer 20 
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in correspondence with data (O's or 1 *s). It should be not- 
ed that these flag pulses do not require a low-intensity 
bias level, in contrast to the single-beam recording sys- 
tems as described with particular referenceto FIGS. 4A, 
5B-5E, and 6B, since the wobbled groove G Is continu- 
ously exposed in the photoresist layer 20 by the frequen- 
cy-modulated second laser beam 337 in the dual-beam 
recording systems 300, 302. Stated differently, in these 
dual-beam systems, the wobbled groove G is exposed 
by the second laser beam 337, and a track of depres- 
sions D is exposed by the first laser beam 345 in corre- 
spondence with the digital data bit stream input to the 
EFM generator 130. A substantially identical sequence 
of flag pulses and SYNC pulses has been omitted in 
FIGS. 9A and 9B. 

[0070] Viewing FIGS. 8C and 9B together, a center 
line 33 of an exposed wobbled groove 32 is radially 
spaced by a spacing s from a center line 35 of a track 
34 of exposed depressions which are exposed in the 
photoresist layer 20 in accordance with the flag pulses 
as indicated by the dotted reference lines extending be- 
tween FIGS. 8B and 8C. The exposed wobbled groove 
32 of FIG. 8C has an exposed width dimension W1 
which corresponds to the laser light beam intensity level 
1 of the frequency-modulating drive signal (see FIG. 8A) 
and provided to the optical modulator 326 by the inten- 
sity control 330 via lead 332. The exposed wobbled 
groove 32 of FIG. 9B is depicted with an exposed width 
dimension W2 which corresponds to the laser light 
beam intensity level 2 of the frequency-modulating drive 
signal (see FIG. 9A). 

[0071] When the spacing s between the first and sec- 
ond laser beams 335 and 337 is a radial spacing be- 
tween the points of incidence 345 and 347 on the sur- 
face 22 of the photoresist layer 20 (see FIGS. 7A and 
7B), as schematically shown in FIGS. 8C and 9B, the 
radial spacing must be limited so that a diameter 0R of 
a reading laser light beam can read a wobbled groove 
G and the depressions D through the substrate of a fin- 
ished hybrid optical recording disc. 
[0072] When the first and second laser beams 335 
and 337 are in perfect optical alignment to provide sub- 
stantially a single point of incidence of both laser beams 
on the surface of the photoresist layer (that is at a spac- 
ing s = 0), the track 34 of exposed depressions D would 
remain a straight-line track which is now centered within 
an exposed wobbled groove G of an exposed width di- 
mension W1 or W2. A substantially identical result is ob- 
tained if the first and second laser beams 335 and 337 
have a spacing s which extends along one and the same 
radial position of the rotating photoresist master disc 10. 
[0073] From the foregoing description it will be appar- 
ent that a dual-beam laser recording system will ex- 
posed, in a photoresist layer of a master disc, a straight- 
line track of depressions D (data) within or along an ex- 
posed wobbled groove G, whereas the depressions D 
will be exposed within, and following an outline of, an 
exposed wobbled groove G when using a single-beam 



laser recording system, as depicted in FIG. 6A. 
[0074] Turning to FIG. 10, there is shown a photo- 
graphic reproduction of a small portion of a metal 
stamper which was formed by plating a laser beam-ex- 

5 posed and subsequently developed photoresist master 
disc 10. The photograph of the stamper is taken in a 
PMA area (see FIG. 2) and shows transitions between 
segments which will form a wobbled groove, to seg- 
ments which will form a wobbled groove having deep 

10 depressions, and finally to segments which will form a 
wobbled groove, in a molded hybrid optical disc sub- 
strate. 

[0075] Although the disclosed embodiments are de- 
scribed with reference to optical modulators and laser 

15 beams, those skilled in the art will appreciate that other 
sources of radiation can be used, such as an electron 
beam and that electron beam modulators can be used. 
The term "photoresist" will be understood to include con- 
ventional photoresists which are light sensitive, but also 

20 other materials which are radiation sensitive and can be 
used, for example, in electron beam recording systems, 
[0076] Otherfeatures of the invention are included be- 
low. 

[0077] The laser beam recording system wherein the 

25 at least one laser provides the first and second laser 
beams by means for splitting a laser beam from the at 
least one laser into the first and second laser beams. 
[0078] The laser beam recording system wherein the 
first and second laser beams are provided by a first and 

30 a second laser, respectively. 

[0079] The laser beam recording system of claim 3 
wherein the second optical modulator includes means 
for selecting an intensity level of the second laser beam 
so that a selected width dimension of the exposed wob- 

35 bled groove can be provided. 

[0080] The laser beam recording system wherein the 
first and second laser beams have a wavelength in a 
range from 350 to 450 nm, the photoresist layer is 
formed of a positive-working photoresist material, and 

40 the photoresist layer has a thickness in a range from 
290 to 350 nm. 

[0081] The laser beam recording system wherein the 
laser beam modulation control system includes at least 
logic means fortemporally correlating drive signals pro- 

45 vided to the first and second optical modulators. 

[0082] The laser beam recording system wherein the 
logic means further includes synchronization (SYNC) 
pulses which periodically synchronize a temporal rela- 
tionship between the exposed wobbled groove and the 

50 track of exposed depressions. 

[0083] The laser beam recording system wherein at 
least some of the exposed depressions within a track of 
exposed depressions are exposed at positions spaced 
from a center line of the exposed wobbled groove. 

55 [0084] The laser beam recording system further in- 
cluding means for rotating the photoresist master disc 
during exposure of the photoresist layer to the at least 
one laser beam, and means for radially translating the 
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master disc so that the at least one laser beam incident 
on the photoresist layer will trace a continuous exposed 
spiral groove. 

[0085] The laser beam recording system further in- 
cluding means for rotating the photoresist master disc 
during exposure of the photoresist layer to the first and 
second laser beams, and means for radially translating 
the master disc so that the wobbled groove will trace a 
continuous exposed spiral groove. 
[0086] The laser beam recording system wherein the 
means for frequency-modulating the intensity-modulat- 
ed laser beam includes an optical modulator. 
[0087] The laser beam recording system wherein the 
means for controlling temporal relationships include a 
first logic circuit for creating flag pulses directed from 
the EFM generatorto the ATiP generator, orvice versa, 
and a second logic circuit for creating flag pulses direct- 
ed from the ATIP generator to the EFM generator, or 
vice versa. 

[0088] The laser beam recording system wherein the 
first and the second logic circuits include TTL logic cir- 
cuits. 

[0089] The laser .beam recording system wherein the 
means for controlling temporal relationships include a 
microprocesor controls 

[0090] The laser bea r ^ : : rig system / Herein the 
EFM generator provides signal to an EFM driver which, 
in turn, actuates the means for modulating the intensity 
of the laser beam. 

[0091] The laser bearr ^cording system wherein the 
ATIP generator provides canals to an ATIF ver which, 
in turn, actuates the optical modulator for srequency- 
modulating the laser beam. 

[0092] The laser beam recording system wherein the 
EFM generator provides a lower level signal to the EFM 
■ driver so that a lower intensity laser beam is provided 
for exposing the groove in the photoresist layer, and the 
E FM generator provides a higher level signal to the EFM 
driver in correspondence with the digital data input sig- 
nals so that a higher intensity laser beam is provided for 
exposing the groove and the pattern of depressions in 
the groove in the photoresist layer. 
[0093] The laser beam recording system wherein the 
ATIP generator and the EFM generator further provide 
synchronization (SYNC) pulses which periodically syn- 
chronize a temporal relationship between the intensity 
modulation and the frequency modulation along the ex- 
posed spiral groove. 

[0094] The laser beam recording system wherein the 
means for controlling the temporal relationships is op- 
erative to control via flag pulses the timing c: dease of 
digital data input signals and the timing ana the lower 
and higher intensity of the laser beam provided by the 
first optical modulator so that the photoresist layer upon 
development will have a continuous frequency-modu- 
lated spiral groove and depressions within portions of 
the groove corresponding to data in a ROM area of the 
master disc. 



[0095] The laser beam recording system wherein the 
laser beam has a wavelength in a range from 350 to 450 
nm, the photoresist layer is formed of a positive-working 
photoresist material, and the photoresist layer has a 
s thickness in a range from 290-350 nm. 

[0096] The laser beam recording system wherein the 
ATIP generator and the EFM generator further provide 
synchronization (SYNC) pulses which periodically syn- 
chronize a temporal relationship between the intensity 
modulation and the frequency modulation along the ex- 
posed spiral groove. 

[0097] The laser beam recording system wherein the 
laser beam has a wavelength in a range from 350 to 450 
nm, the photoresist layer is formed of a positive-working 
photoresist material, and the photoresist layer has a 
thickness in a range from 290-350 nm. 
[0098] The laser beam recording system wherein the 
time-varying signal generated by the function generator 
is a ramp signal. 

[0099] The laser beam recording system wherein the 
ramp signal increases linearly with time. 
[0100] The laser beam recording system wherein the 
ramp signal increases non-iinearly with time. 



Claims 

1. A radiation beam recording system for exposing a 
photoresist master disc having a photoresist layer 
formed over a substrate for making a hybrid optical 
recording disc having a read only (ROM) portion 
and a writable portion, comprising: 

a) at least one radiation source which provides 
first and second radiation beams projected 
along first and second beam paths, respective- 
ly, each beam having a wavelength or energy 
selected to provide activating radiation for ex- 
posing a pattern in the photoresist layer formed 
over the substrate of the master disc; 

b) a first modulator for modulating an intensity 
of the first radiation beam and disposed along 
the first beam path, such intensity modulation 
having an intensity for exposing depressions in 
the photoresist layer in correspondence with 
data to be recorded; 

c) a second modulator for frequency-modulat- 
ing the second radiation beam and disposed 
along the second beam path, such frequency 
modulation providing a wobble-frequency to 
cause an exposed groove in the photoresist 
layer to be a continuous wobbled groove; 

d) means for combining the modulated first and 
second radiation beams and for projecting the 
combined radiation beams onto the photoresist 
layer for exposing the photoresist layer to form 
the exposed continuous wobbled groove and a 
track of exposed depressions along the wob- 
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bled groove; and 

e) a modulation control system for controlling 
the operation of the first and the second mod- 
ulator to concurrently form the exposed contin- 
uous wobbled groove and the track of exposed 5 
depressions along the wobbled groove In the 
ROM portion. 

2. A laser beam recording system for exposing a pho- 
toresist master disc having a photoresist layer 10 
formed over a substrate for making a hybrid optical 
recording disc having a read-only memory (ROM) 
portion and a writable portion, comprising: 

a) at least two optical modulators which collec- 15 
tively provide the functions of intensity- and fre- 
quency-modulating at least one laser beam to 
provide an exposed groove, exposed depres- 
sions in the groove, and wobble information on 

the sides of the groove in the photoresist layer 20 
by exposing a pattern in the photoresist layer; 
and 

b) a laser beam modulation control system for 
controlling the operation of the optical modula- 
tors to form a continuously frequency-modulat- 25 
ed exposed groove with exposed depressions 

in the ROM portion of the exposed groove. 

3. A laser beam recording system for exposing a pho- 
toresist master disc having a photoresist layer 30 
formed over a substrate for making a hybrid optical 
recording disc having a read only (ROM) portion 
and a writable portion, comprising; 

a) at least one laser which provides first and 35 
second laser beams projected along first and 
second beam paths, respectively, each beam 
having a wavelength or energy selected to pro- 
vide activating radiation for exposing a pattern 

in the photoresist layer formed over the sub- 40 
strate of the master disc; 

b) a first modulator for modulating an intensity 
of the first laser beam and disposed along the 
first beam path, such intensity modulation hav- 
ing an intensity for exposing depressions in the 45 
photoresist layer in correspondence with data 

to be recorded; 

c) a second modulator for frequency-modulat- 
ing the second laser beam and disposed along 

the second beam path, such frequency modu- so 
lation providing a wobble-frequency to cause 
an exposed groove in the photoresist layer to 
be a continuous wobbled groove; 

d) means for combining the modulated first and 
second laser beams and for projecting the com- 55 
bined radiation beams onto the photoresist lay- 
er for exposing the photoresist layer to form the 
exposed continuous wobbled groove and a 



track of exposed depressions along the wob- 
bled groove; and 

e) a laser beam modulation control system for 
controlling the operation of the first and the sec- 
ond modulator to concurrently form the ex- 
posed continuous wobbled groove and the 
track of depressions along the wobbled groove 
in the ROM portion thereof. 

4. A radiation beam recording system for exposing a 
photoresist master disc having a photoresist layer 
formed over a substrate for making a hybrid optical 
recording disc having a read only (ROM) portion 
and a writable portion, comprising: 

a) means for modulating an intensity of a laser 
beam having a wavelength selected to provide 
activating radiation to expose a pattern in the 
photoresist layer formed over the substrate of 
the master disc between a lower intensity for 
exposing a groove in the photoresist layer and 
a higher intensity for exposing the groove and 
a pattern of depressions in the groove in the 
photoresist layer; 

b) means for frequency-modulating the intensi- 
ty-modulated beam with a wobble-frequency to 
cause the exposed groove to be a continuously 
frequency-modulated wobbled groove; 

c) a radiation beam modulation control system 
for controlling the intensity modulation and the 
frequency modulation to form a continuously 
frequency-modulated exposed groove with ex- 
posed depressions in the ROM portion of the 
exposed groove. 

5. The laser beam recording system of claim 4 further 
including: 

d) means for rotating the photoresist master 
disc during exposure to the laser beam, and 
means for radially translating the master disc 
so that the laser beam incident on the photore- 
sist layer will trace a continuous exposed spiral 
groove; and 

e) a laser beam modulation control system in- 
cluding a clock, an ATIP generator connected 
to the clock and operative to generate a fre- 
quency-modulating ATIP signal, an EFM gen- 
erator connected to the clock and operative to 
generate an intensity-modulating EFM signal in 
correspondence with digital data input signals, 
and means for controlling temporal relation- 
ships between and among the ATIP generator 
and the EFM generator so that respective ATI P 
signals and EFM signals are temporally corre- 
lated to provide concurrent operation of the in- 
tensity- and frequency modulation of the laser 
beam. 
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6. The laser beam recording system of claim 4 wherein 
the means for modulating an intensity of a laser 
beam includes a low-intensity control signal provid- 
ed at one input of a laserto provide the lower inten- 
sity for exposing the groove, and an E FM flag pulse s 
signal provided at another input of the laser to pro- 
vide the higher intensity for exposing the pattern of 
depressions in the groove. 

7. The laser beam recording system of claim 4 wherein 10 
the means for modulating an intensity of a laser 
beam includes an optical modulator operative to the 
lower intensity for exposing the groove and to pro- 
vide the higher intensity for exposing the pattern of 
depressions in the groove. 15 

8. A laser beam recording system for making a hybrid 
optical master disc from which a stamper can be 
derived for forming a hybrid optical recording disc, 
the system comprising: 20 

a) a laser which emits a laser beam having a 
wavelength selected to provide activating radi- 
ation to a photoresist layer formed over a sub- 
strate of the master disc; 25 

b) a first optical modulator for modulating an in- 
tensity of the laser beam between a lower in- 
tensity for exposing a groove in the photoresist 
layer and a higher intensity for exposing a 
groove and a pattern of depressions in the 30 
groove in the photoresist layer, the pattern of 
depressions coincident with the groove, and 

the pattern of depressions exposed in response 
to an intensity-modulating signal; 

c) a second optical modulator for frequency- 3$ 
modulating the intensity-modulated laser beam 
with a wobble-frequency in response to a fre- 
quency-modulating signal, the first and the sec- 
ond optical modulators operative concurrently 

to expose a continuous frequency-modulated 40 
groove having portions corresponding to a 
ROM region of a hybrid optical recording disc 
in which the intensity-modulated pattern of de- 
pressions is exposed; 

d) means for rotating the photoresist master 45 
disc during exposure to the laser beam, and 
means for radially translating the master disc 

so that the laser beam incident on the photore- 
sist layer will trace a continuous exposed spiral 
groove; and so 

e) a laser beam modulation control system in- 
cluding 

(i) a clock; 

(ii) an ATIP generator connected to the 55 
clock and operative to generate a frequen- 
cy-modulating ATIP signal; 

(iii) an EFM generator connected to the 



clock and operative to generate an intensi- 
ty-modulating EFM signal in correspond- 
ence with digital data input signals; 

(iv) a controller for providing logic control 
of temporal relationships between an in- 
tensity-modulating output signal of the 
EFM generator and a wobble-frequency- 
modulating output signal of the ATIP gen- 
erator, the controller receiving flag pulses 
from the EFM generator and directing such 
EFM flag pulses to the ATIP generator, and 
the controller receiving flag pulses from the 
ATIP generator and directing such ATIP 
flag pulses to the EFM generator; 

(v) a function generator for generating a 
time-varying signal at an output thereof in 
response to input pulse signals received 
from a first output of the controller; 

(vi) a waveform modifier receiving the in- 
tensity-modulating EFM signal from the 
EFM generator and providing a selectable 
bias level signal such that an output signal 
of the waveform generator will have a se- 
lected bias level signal and the EFM signal 

* superimposed thereupon, whereby the se- 
lected bias level signal provides the lower 
intensity of the laser beam for exposing the 
groove in the photoresist layer, and the 
EFM signal superimposed upon the select- 
ed bias provides the higher intensity of the 
laser beam for exposing the groove and the 
pattern of the depressions in the groove in 
the photoresist layer; and 

(vii) a multiplexer operative to provide an 
intensity-modulating output signal to the 
first optical modulator in response to a mul- 
tiplexer input control signal provided by a 
second output of the controller, the intensi- 
ty-modulating output signal of the multi- 
plexer either being the EFM signal super- 
imposed upon the bias level signal provid- 
ed by the waveform modifier or being the 
time-varying signal provided by the func- 
tion generator in correspondence with the 
presence or absence of the multiplexer in- 
put control signal. 

9. The laser beam recording system of claim 8 wherein 
the multiplexer provides the intensity-modulating 
output signal to an EFM driver which, in turn, actu- 
ates the first optical modulator for intensity-modu- 
lating the laser beam. 

10. The laser beam recording system of claim 8 wherein 
the ATIP generator provides the frequency-modulat- 
ing ATIP signal to an ATIP driver which, in turn, ac- 
tuates the second optical modulator for frequency- 
modulating the laser beam with a wobble-frequency. 
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